Abstract. One of the practically important tasks of hydrophysics for sea coastal systems is the problem of modeling and forecasting bottom sediment transportation. A number of problems connected to ship safety traffic, water medium condition near the coastal line etc. depends on forecasting bottom deposit transportation under natural and technogenic influences. Coastal systems are characterized by a complicated form of coastline -the presence of long, narrow and curvilinear peninsulas and bays. Water currents and waves near the beach are strongly depend on complicated coastal line and in turn, exert on the bottom sediment transportation near the shore. The use of rectangular grids in the construction of discrete models leads to significant errors in both the specification of boundary conditions and in the modeling of hydrophysical processes in the coastal zone. In this paper, we consider the construction of a finite-element approximation of the initial-boundary value problem for the spatially two-dimensional linearized equation of sediment transportation using optimal boundary-adaptive grid. First, the linearization of a spatially twodimensional nonlinear parabolic equation on the time grid is performed-when the coefficients of the equation that are nonlinearly dependent on the bottom relief function are set on the previous time layer, and the corresponding initial conditions are used on the first time layer. The algorithm for constructing the grid is based on the procedure for minimizing the generalized Dirichlet functional. On the constructed grid, finite element approximation using bilinear basis functions is performed, which completes the construction of a discrete model for the given problem. The using of curvilinear boundary adaptive grids leads to decreasing of total grid number in 5-20 times and respectively the total modeling time and/or it allows to improve modeling accuracy.
Introduction
One of the essential features of coastal and marine systems is complicated form of the coastline, which hardly influences on mathematical modelling of these systems. The use of rectangular, does not allow to take into account, with practical value accuracy, the presence narrow sea coastal bodies of complicated shape, such as bays, estuaries, straits, peninsulas etc. At the same time, the presence of these objects hardly determines the structure of coastal currents, especially for shallow water bodies of the South of Russia, similar to the Azov Sea and Taganrog bay. The development of optimal curvilinear grids, consistent with the complex shape of the shoreline (boundary-adaptive grids), as shown by the practice of numerical solution of problems of this class, can significantly improve the accuracy of the solution obtained and / or reduce the amount of computation. The paper deals with the construction of a finite-element approximation of the initial-boundary value problem for the spatially two-dimensional linearized equation of sediment transport on a boundary-adaptive grid. First, the linearization of a spatially two-dimensional nonlinear parabolic equation on the time grid is performed, when the coefficients of the equation that depend nonlinearly on the bottom depth function are set on the previous time layer. The rationale for this method of linearization (the correctness of the formulation of the problem) and the convergence of the solutions of the linearized chain of problems in the norm of the space L 1 with the step of the time grid tending to 0 was justified in the previous works of the authors [1] [2] [3] [4] [5] [6] [7] [8] . The algorithm for constructing the grid is based on the procedure for minimizing the generalized Dirichlet functional. Previously, this approach has shown its effectiveness in the construction of minimal non degenerate grids for Z-shaped test regions, such as the "Maltese cross", etc., as well as in the numerical solution of problems of hydrodynamics of coastal systems, including in the Azov Sea [9] . On the constructed grid, in this paper, the finite element method is approximated using the bilinear basis functions of the linearized chain of sediment transport problems applied to the Azov Sea and the Taganrog Bay.
The formulation of the nonlinear initial-boundary value problem for twodimensional models of sediment transport
Let us consider the equation of sediment transport according to the [10] [11] [12] [13] [14] [15] : Further, for simplicity, the equation (1) was considered
We added the initial condition to the equation (1), assuming that the initial conditions of function belong to the corresponding class of smoothness:
The conditions on the border domain D is following:
In addition to the boundary conditions (5)−(8), we assume the fulfillment of their smoothness conditionsthe existence of continuous derivatives on the boundary of the domain D :
We consider that there's a liquid layer of finite thickness always in this area and occur for the specified time interval at no drainage area, i.e.
The condition of non-degeneracy of the operator has the form:
The vector of tangential stress at the bottom is calculated using the unit vectors of the coordinate system: 
Further consideration of the problem is carried out on two time layers: the lower one Reasoning is similarly repeated for any layer , 1,..., (1) is written in the form:
and we supplement it with the initial conditions: 
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function of the right-hand side. The boundary conditions (3) -(11) are assumed to be satisfied for any
We also assume that the functions
, , H x y t from the initial conditions (14) are given by their values at the nodes of the spatial grid.
Consider the approximation of the differential equation (16) in time using the implicit scheme: Then the optimal boundary-adaptive grid, constructed for the water area of the Azov Sea and Taganrog Bay, is used in the calculations. The grid is considered as a necessary auxiliary step in solving the problem of sediment transport using the finite element method.
To construct the grid, we used cartographic differential operators and the corresponding net functionals described in [16] [17] [18] .
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and makes restrictions when choosing the shape of the cell. By numbering the vertices of the cell from 1 to 4 clockwise from the node ij , we denote the doubled areas of the triangles 1, , 2, , 1 3, 1, 1 4, 1, , , ,
The procedure for constructing grids is connected with the consideration of the Dirichlet functional 
1,
Expression (23) can be obtained by replacing 
gives at least one solution -a convex grid. To find it, we minimize the function h I . When a grid is built on m -stepiteration, then   1 m -step it is determined from the solution of two linear equations written for each internal node [17] : 
where  -iteration parameter, 1  .
We note that the necessary condition for a minimum of the functional is a consequence of the conformality of the transformation under consideration. Minimization h I on the set of convex meshes is realized by means of a quasi-Newtonian procedure in the computational domain   ,   . To do this, it is expedient to use the well-proven gradient methods, tested and described in [9] with respect to the water area of the Azov Sea and Taganrog Bay.
Change of the sign in the denominators of the integrands of the jacobian (22) -(23) functionals J , leads to discontinuities of the second kind, which is critical for second-order methods (quasi-newtonian procedure). To exit this situation near the degeneracy boundary( 0
 -a sufficiently small number, 0  . It is important to note that when generating a grid, using the above procedure, the initial approximation in the form of a convex grid is specified. If this is not the case, then the initial grid-convex grid is determined by successively solving optimization problems.
Note that since cells with numbers containing 
We introduce the notation
Taking into account the last equality, expression (23) can be represented in the following form
where 
